vital organ perfusion. 1 Since its inception, the American College of Surgeons Advanced Trauma Life Support course has emphasized immediate treatment of trauma patients with IV fluids, although in the newest eighth edition, the course now emphasizes a more "balanced" approach. 2 The routine practice of IV fluid administration in the prehospital arena is touted with great enthusiasm but little data exist to support its use. 3, 4 An increasing body of evidence has demonstrated that IV fluid administration does not improve survival in trauma and may actually be of harm in certain subsets of trauma patients. [5] [6] [7] [8] [9] One theory for the possibility of harm is based upon the delay of transport to definitive care. Scene placement of venous access is not only associated with increased scene time but also increased overall time to hospital, in some cases the time to place an IV exceeds that of the actual transport itself. 10 In hypotensive patients and those with primary torso injuries, scene placement times exceed that of en route IV line placement. 11, 12 Many trauma providers believe that the "scoop and run" approach, which minimizes prehospital procedures in favor of rapid transport to definitive care, is preferable to the "stay and play" model of prehospital trauma care. 13, 14 The second main theory regarding the potential harm of IV fluids is based upon the idea of "popping the clot." This theory suggests that in patients, who have stopped bleeding temporarily from vasoconstriction and hypotension, IV fluids will raise systolic blood pressure and cause patients to rebleed if their bleeding source is not yet surgically controlled. This theory is supported by one of the few prospective randomized studies of prehospital IV fluid resuscitation in trauma patients. Bickell et al 15 showed that delaying aggressive fluid resuscitation until surgery significantly improved outcome in hypotensive patients with penetrating torso injuries. On the basis of these data, a new Eastern Association for the Surgery of Trauma practice management guideline advocates limited prehospital IV fluid resuscitation. a penetrating or a blunt injury were included in the analysis. Patients without complete prehospital procedure information were excluded. Statistical analysis was performed in Stata/Multi-Processor 10.0 (StataCorp, College Station, TX).
The objective of the analysis was to determine the influence of prehospital IV fluid administration on patient outcome. The primary outcome variable was in-hospital mortality. The primary independent variable was defined as prehospital IV. The majority of patients with the word "intravenous" or "IV" in the prehospital procedure file of the NTDB were coded as having received "intravenous fluids." However, there were many different terms reported along the "intravenous" continuum and we could not definitively differentiate IV fluid administration versus IV catheter placement alone. Therefore, we grouped both all patients under the heading of "pre-hospital IV". We performed a descriptive analysis of our dependent and independent variables, and we conducted an unadjusted analysis that included a comparison of mortality rates among all patients with versus without prehospital IV fluids. Because there were significant differences in the groups based upon known risk factors for death, we then performed multiple logistic regression, adjusting for potential confounders. We adjusted for the performance of the 5 most common prehospital procedures: endotracheal intubation, military antishock trousers , spine immobilization, splinting, and chest decompression. We did not adjust for cardiopulmonary resuscitation because the data on cardiopulmonary resuscitation appeared to be biologically implausible: the mean systolic blood pressure of penetrating trauma patients who received cardiopulmonary resuscitation was 118 mmHg. Other variables included in the multiple logistic regression analysis were age, gender, race, insurance status, mechanism (penetrating vs. blunt), injury severity score (ISS), hypotension (defined as systolic blood pressure < 90 mmHg), and Glasgow Coma Scale [GCS] Score < 9. We repeated this multiple logistic regression after excluding patients who were dead on arrival (DOA).
Subgroup analyses were performed to examine the consistency of the association between prehospital IV fluid administration and trauma patient outcomes based on mechanism, presence of hypotension (systolic blood pressure < 90 mmHg), head injury status, and the need for immediate surgery. This approach of stratification is another reliable method to examine the impact of IV placement on mortality when the groups are different in regards to known confounders. The same multiple logistic regression analysis was rerun on the following subgroups of trauma patients: (1) blunt patients, (2) penetrating patients, (3) gunshot wound patients, (4) normotensive patients, (5) hypotensive patients, (6) hypotensive blunt patients, (7) hypotensive penetrating patients, (8) hypotensive gunshot wound patients, (9) patients with GCS < 9, (10) patients with severe head injury (GCS<9 and head Abbreviated Injury Score 3-5), and (11) need for immediate surgery (disposition from emergency department directly to the operating room).
The same multivariable regression analysis was then performed on subsets of patients based upon ISS category. In the analysis of patients with an ISS < 9, patients who were dead on arrival were excluded from the analysis because of the potential for undercoding of ISS in trauma patients with early death. Trauma patients who are DOA, but are assigned an ISS < 9 frequently have unidentified injuries, not captured in the trauma registry. If all their injuries were definitively known (ie, by autopsy), they often have significantly higher injury severity scores. 17, 18 
RESULTS
A total of 776,734 patients with complete prehospital procedure files were identified from the 1,466,887 total patients in the National Trauma Data Bank. The patient population was predominantly young (median age 36) and male (64.7%). The highest proportion of patients were white (67.8%), followed by black (17.1%) and Hispanic (10.9%). Upon arrival in the emergency department, 9.9% of patients had penetrating trauma and 4.4% of patients were hypotensive. Approximately half (49.3%) of patients were in the prehospital IV group. The overall unadjusted death rate was 4.6% (Table 1) . On bivariate analysis, patients who received IV fluids were more likely to be intubated, have military antishock trousers, and be splinted, while they were less likely to undergo chest decompression (P < 0.001). Patients were more likely to receive an IV if they had penetrating trauma, but less likely if they had blunt trauma (P < 0.001). Patients who received an IV were also more likely to have a severe brain injury and be more severely injured overall based upon ISS category. Patients who received IV fluids were significantly more likely to die than patients who did not receive an IV (4.8% vs. 4.5%, P < 0.001) ( Table 2) .
Multivariable logistic regression was used to examine the relationship between prehospital IV and mortality in the 311,071 patients with complete data. After adjustment, prehospital IV patients had significantly higher mortality than those without a prehospital IV. The odds ratio of death associated with prehospital IV placement was 1.11 (95% CI 1.06-1.17). (Table 3 ) When DOA patients were excluded from the group as a whole, the association persisted (OR 1.17, 95% CI 1.11-1.23)
On subgroup analyses, the association between IV placement and excess mortality was maintained in nearly all-patient subsets. (Table 4 and Fig. 1 ) The harm associated with prehospital IV placement was seen in both blunt and penetrating trauma, although it is more exaggerated in penetrating trauma victims. When patients were stratified by blood pressure, the negative association was more exaggerated in hypotensive patients (OR 1.44, 95% CI 1.29-1.59) but no effect was seen in normotensive patients (OR 1.05, 95% CI 0.99-1.11). When patients were grouped by the combination of mechanism and hypotension, the effect was the same in every subset. In patients with severe head injury (n = 10,909), IV placement was associated Table 4 and Fig. 1 ).
Patients suffering moderate and severe injuries (ISS > 8, ISS > 15, and ISS > 24) showed significantly higher mortality with IV fluid administration (OR 1.14, 95% CI 1.08-1.21, OR 1.17, 95% CI 1.11-1.24, and OR 1.21, 95% CI 1.13-1.29 respectively). (Table 4 and Fig. 1 ) Patients with an ISS < 9 (excluding those DOA) showed no difference in mortality (OR 0.89, 95% CI 0.70-1.12).
DISCUSSION
The results of this study support the hypothesis that prehospital IV placement and/or fluid resuscitation is associated with higher mortality in trauma patients. The association is robust across nearly all subsets of trauma patients and is especially marked in more severely injured patients. In no subset of trauma patients is there a survival advantage for prehospital IV placement. The findings of this study support the opinions of many trauma providers that the routine use of IV catheter placement and fluid administration for all trauma patients should be discouraged.
Several mechanisms for these worse outcomes associated with IV fluid administration have been suggested, including dislodgement of clot formation, dilution of clotting factors, and acceleration of hemorrhage caused by elevated blood pressure. [19] [20] [21] [22] The concept of "hypotensive resuscitation" is based upon the idea that patients with uncontrollable sources of bleeding such as solid organ injury (ie, liver, spleen) or other internal bleeding vessels (ie, pelvic vessels) may "pop the clot" that has been formed if the blood pressure is raised before sites of hemorrhage have been controlled (ie, using surgery or angiography). The first prospective study of this strategy showed that "delay of aggressive fluid resuscitation until operative intervention improves the outcome" in hypotensive patients with penetrating torso injuries. 15 Our current study agrees with these findings with over 3000 hypotensive penetrating trauma patients.
Many trauma practitioners agree that not every trauma patient should be treated with early aggressive fluid resuscitation. The variation in opinions is well-established based on a survey of practicing trauma surgeons regarding prehospital care trauma. For a patient with a gunshot to epigastrium, "the majority of trauma practitioners believed that a relatively hypotensive state should be maintained, regardless of transport time." 14 Our study supports the majority opinion with data showing higher mortality in patients such as these receiving IV fluids. The effect is more pronounced in patients with penetrating trauma, hypotension, and those requiring immediate surgery--the exact patient scenario which was used in the survey of trauma surgeons.
Restrictions on IV fluid administration have been suggested by some to protect trauma patients from preventable death. The Eastern Association for the Surgery of Trauma practice management guidelines committee has recently published new evidence-based guidelines regarding the use of prehospital IV fluids in trauma patients suggesting that IV catheters need not be placed in the prehospital setting. They also advocate that IV fluids should be withheld in patients with penetrating torso trauma and in all trauma patients until active bleeding is addressed. 16 Another consensus paper asserts that IV fluids should not be administered in penetrating trauma patients if a central pulse is present, and that under no circumstances should IV administration delay transport. 23 Current military teaching often recommends the hypotensive resuscitation strategy, suggesting fluid administration based on physiologic signs rather than using IV fluids in all patients. 24, 25 The Israeli Defense Force guidelines for patients with uncontrolled hemorrhagic shock suggest withholding IV fluids until the 1 of 3 parameters is documented: altered sensorium, radial pulse cannot be palpated, or systolic blood pressure below 80 mmHg. 26 Advanced Trauma Life Support still currently recommends IV fluid administration for many patients, but suggests that small fluid boluses should be given to "maintain life until definitive care is possible" and suggesting that "a less than normal blood pressure is acceptable" in the austere or hostile environments. 2 In blunt trauma patients, there is no proven benefit nor has there been suggestion of harm with IV fluid administration. Though prehospital fluid resuscitation in these patients has been shown to increase systolic blood pressure, it does not change patient survival or hospital length of stay. 8 The original success of Advanced Life Support in caring for patients with cardiac arrest fueled the translation of interventions-specifically IV fluid resuscitation and intubationinto the care of trauma patients. However, there may be fundamental differences in what prehospital providers can do to improve outcomes for trauma versus medical patients. Prehospital trauma care often provides temporary care, unlike the prehospital care of cardiac arrest patients in whom defibrillation can be the definitive treatment. 10 A large Canadian study showed that system-wide implementation of full advanced life support programs did not improve overall trauma patient outcomes and worsened outcomes significantly for severely brain injured patients. 27 In patients with traumatic brain injury (TBI), the primary brain injury has already occurred; management should be focused be on prevention of secondary brain injury. Treatment often includes maneuvers to elevate blood pressure because even a single episode of hypotension is associated with significantly worse outcomes in patients with TBI. 28 There have been some concerns that withholding IV fluids may worsen outcomes. 25 It is likely that a certain group of patients in this group (perhaps those with hypotension and a long transport time to definitive care) may benefit from IV fluid administration. However, even in the TBI population, our study showed worse overall outcomes with IV fluid administration in patients with GCS <9 and in the most severely brain injured patients (GCS <9 and head . This data are consistent with a prospective study evaluating the use of prehospital hypersonic saline administration on patients with severe TBI that showed no benefit in the fluid treated group. 29 Data supporting the "scoop and run" approach to prehospital care suggest that performing more prehospital procedures on trauma patients may be detrimental. In an urban setting, the time necessary to establish IV access may be greater than the time of transport and prehospital procedures may delay necessary surgical intervention for patients with potentially survivable injuries. 10 Seamon et al 13 reported that prehospital procedures were associated with lower survival in patients undergoing emergency department thoracotomy in an urban level 1 trauma center. Prehospital spine immobilization is associated with higher mortality in patients with penetrating trauma in the NTDB. 30 In Los Angeles, trauma patients had improved survival if they were transported by private vehicles rather than being treated and transported by EMS providers after sustaining severe trauma. 31 Another study from the same institution used a case control methodology to identify similarly injured patients in EMS and non-EMS transported groups. They found that in the more critically injured (ISS ≥ 13) group, "non-EMS patients got themselves to the trauma center in less time than their EMS counterparts (15 minutes vs. 28 minutes; P < 0.05)." 32 As a compromise between time and supposed benefit, some authors suggest that prehospital providers should start IVs en route rather than in the field. The success rates for initiating IV therapy en route to the hospital are high-92% for trauma patientsindicating that IV fluid administration is no justification for delaying the transport of unstable trauma patients. This retrospective study suffers from some inherent limitations, largely due to potential residual confounders, which are not available within the dataset used. The NTDB did not report prehospital transport times or differentiate urban versus rural care. Thus, we could not examine whether excess mortality in patients treated with IVs was directly associated with delays in transport to definitive care. We were also not able to control for transport time within the multiple regression model or perform a stratified analysis by urban versus rural patients. Perhaps this analysis would have identified a subset of patients who may benefit from IV placement. The NTDB database also does not differentiate between patients who received only an IV catheter placement and patients who received IV fluids. In addition, we could not study any possible dose-response relationship based upon the amount of fluids administered (as these data are also not included). Due to these limitations, we could not determine the potential causal pathway of the higher mortality. Was it a consequence of time delay to definitive care caused by placing the IV or was it due to the fluid administration and physiologically inappropriate targets of resuscitation causing more hemorrhage? Inaccuracy in IV catheter insertion recording is likely to go one direction-not recording it when an IV was actually placed. It is unlikely that an IV will be documented if none was placed. Therefore, this measurement error problem will likely move patients from the IV to the non-IV group and dilute the difference identified. Because trauma centers submitted data voluntarily to the NTDB and were not required to report data in all fields, many patients had no data regarding the presence or absence of prehospital procedures. We assume that data are missing completely at random, and thus does not affect the direction of the observed associations.
However, the overall advantages of using the large NTDB probably outweigh these potential limitations. The NTDB is the largest collection of trauma registry data ever assembled, allowing this study to examine data from a sizeable national sample of trauma patients. As the NTDB improves over time, more prehospital data (including transport time, mode, and treatments) will become available for analysis. Perhaps the current study will be redone in the future on a new NTDB cohort with more robust and reliable data to help overcome some of the limitations of the current study.
Prehospital fluid resuscitation has been considered to be standard of care in trauma patients despite a lack of evidence demonstrating any benefit. The role of prehospital interventions in trauma victims remains controversial and new evidence has done more to raise questions than to give definitive answers. Proponents of the "scoop-and-run" philosophy argue for a rapid transfer to definitive care and avoidance of many prehospitals procedures. Simultaneously, advocates of the "stay-and-play" approach suggest that more patients may reach the hospital alive and perhaps have better neurologic outcomes after brain injury with appropriately chosen prehospital interventions. Some important clinical questions (such as those raised by this debate) are not amenable to a randomized clinical trial and therefore must often be answered by other approaches such as observational studies. We believe our current study adds an important piece of evidence to the complex literature in this field.
CONCLUSIONS
In summary, this study demonstrates that the harm associated with prehospital IV placement is significant for victims of trauma. In no subset of trauma patients is there any survival advantage for prehospital IV placement and/or IV fluid administration. The association is especially marked in patients with penetrating mechanism, hypotension, severe head injury, and patients undergoing immediate surgery. The routine use of IV placement and fluid administration for all trauma patients should be discouraged.
